Introduction
The photon is the gauge boson of the electromagnetic force and therefore has fundamental direct couplings to all charged particles. However, it can fluctuate into hadronic matter before it takes part in an interaction, thereby giving rise to a wide range of phenomena which can be quantified in observables. Once measured, they can be used to improve our understanding of both perturbative and non-perturbative QCD. In this paper the experimental environment is provided by photon-photon collision events recorded by the four LEP collaborations. Scattering events of this type are commonly characterised by the absolute four momentum squared of the photons participating in the interaction, Q 2 and P 2 , the invariant mass W γγ of the resulting hadronic final state and the Bjorken variable x = Q 2 /(Q 2 + W 2 γγ + P 2 ). For large enough virtuality Q 2 (P 2 ) one (both) electron(s) has a scattering angle large enough to be detected in the experiment. Such events are referred to as single (double) tag events. The observables studied are the structure function of the photon F γ 2 at low x and the production of heavy quarks in untagged and single-tagged photon-photon scattering events. The differential cross section of deep-inelastic electron-photon scattering, as can be obtained from single tag events, can be expressed as
where α is the fine structure constant and y is the inelasticity. In the region of small y under study the contribution from F γ L (x, Q 2 ) can be neglected and one obtains the photon structure function F γ 2 . The latest measurements in the low-x region come from LEP, namely L3 and OPAL, as shown in Figure 1 1 . For mean values of Q 2 = 1.9 GeV 2 values of x down to 2 · 10 −3 have been reached. Particular emphasis is put on the behaviour of F γ 2 at low x, since, driven by the hadron-like properties of the interacting photon, one suspects a rise of the photon structure function towards small x, similar to the rise observed for the proton structure function F p 2 . The precision of the measurement at low x has been considerably improved and there appears to be mounting evidence for the expected rise of F γ 2 at low x although a final conclusion should not be drawn yet. The GRV LO and SaS1D parameterisations are generally consistent with the data in all the accessible x and Q 2 regions, with the exception of the measurement at the lowest scale, Q 2 = 1.9 GeV 2 , where GRV is too low. In contrast, the naive quark-parton model is not able to describe the data for x < 0.1. These results show that the photon must contain a significant hadron-like component at low x. 
Heavy Quark Production
Charged D * mesons provide a clean tag to study open charm production in photon-photon collisions. The inclusive cross-section for the production of D * mesons can be calculated in NLO perturbative QCD (pQCD) and this process is therefore suitable to test the validity of the theory in this region. L3 and OPAL have determined the differential cross-sections dσ/dp D * T in anti-tagged e + e − → e + e − D * X events as a function of the transverse momentum p D * T as shown in Figure 2a 2, 3 . Both measurements can been seen to be in agreement with each other within the experimental uncertainties. They are compared to a NLO calculation by Binnewies et al. 4 using the massless approach, and by Frixione et al. 5 using the massive approach. It is found that despite the low values of p D * T studied the massless calculation is in good agreement with the data. The massive calculation agrees with the measured cross-section for p D * T > 3 GeV but underestimates the data for lower values of p D * T . The total cross-section of the process e + e − → e + e − cc, where the charm quarks are produced in the collision of two quasi-real photons, can be deduced from measurements like the above by extrapolating to the full phase space using MC model predictions. The results for various experiments are shown in Figure 2b 2, 6 . All results are in agreement with each other where comparable, and are well described by the NLO calculation of Ref. 7 over the whole range of e + e − centre-of-mass energies covered. Also shown in this figure is the total bb cross-section in photon-photon collisions as reported for the first time by L3 8 to be σ ee→eebbX = 9.9 ± 2.9(stat) ± 3.8(syst) pb. This first sign of b production in this process has been obtained by exploiting the more energetic leptons from b semi-leptonic decays as opposed to those from charm semi-leptonic decays. The measured value is somewhat above the QCD prediction, although the still sizable experimental uncertainties inhibit a clear conclusion here.
The first measurement of the charm structure function F 
Conclusion
Data is available now which explores the structure function F γ 2 of the photon in deep-inelastic electron-photon scattering down to values of x ≈ 2 · 10 −3 . Thanks to the improved precision of the measurements there appears to be mounting evidence for a rise of F γ 2 at low x, but no final conclusion can be drawn yet. Open charm production is studied via the measurement of charged D * -mesons and found to be in good agreement with NLO perturbative QCD calculations for both differential cross-sections and the total charm cross-section measured. A first sign of b production in photon-photon collisions has been reported and is seen to be somewhat higher than the QCD prediction, although experimental uncertainties are still large. A first measurement of the charm structure function has been performed in single tagged events and has been found to be in good agreement with NLO pQCD for x > 0.1. A hadron-like component of F γ 2,c at low x is clearly favoured by the data.
